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Abstract 
Design and engineering have worldwide impact. The products and systems generated affect every level of our 
lives. In a competitive world where the prosperity of local industry waxes, wanes and emerges in new forms, 
inevitably results in temporal strategies and policies for survival and gain. It is in this context that engineers and 
designers operate their exciting trades with consideration of multiple functional attributes in any given 
application. This may involve attention to technical, aesthetic, economic, social and latent function and their 
often complicated interrelationships with one attribute affecting the performance of others in significant 
manners. The value of each attribute needs to be maintained at the design stage in order to deliver worldwide 
competitive products, systems and services. It is in the conceptual, detailed design, fire-fighting and application 
phases that engineering analysis shows its potential, time and time again, to deliver order of magnitude as well 
as validated estimates for quantities. The tools of engineering provide essential input and influence for the 
design process. These tools can be operated with diligence and exacting analysis as well as in the fast paced 
conceptual stages of any project in order to explore the what-if and provide a physical basis for an idea and the 
impetus to give that idea the justification for the resource it requires for elaboration. 
 
Keywords 
Design, functional, attributes, process, analysis 
 
1 Introduction 
The have been many studies on the skills sets for engineers and indeed designers. The requirements for 
undergraduate engineering degrees include a combination of technical and transferable skills defined in the case 
of the UK by UK-SPEC [1] and in the US by ABET [2]. The National Academy of Engineering [3] reports the 
attributes for the engineer of 2020 to need to include strengths in science and mathematics, practical ingenuity, 
creativity, good communication and mastery of the principles of business and management. Childs et al. [4] 
suggest that the modern engineer needs to have diverse skills ranging from abilities in re-design, co-design, 
customisation, management of resources and intellectual property, combined with technical expertise. The 
Royal Academy of Engineering [5] suggests the need for tools to measure the effectiveness of engineering 
education approaches, an increased reliance on evidence, faculty wide curriculum design, the selection and 
resourcing of implementers for change, engaging in continuous development that keeps the curriculum at the 
cutting edge. Dyson [6] expounds on the need to engage with grand projects as well as developing a culture of 
esteem for science and engineering, the need for collaboration and support for high tech companies and 
ventures. 
 
Confidence in methodologies and approaches is important. It would be easy looking around at economic and 
business trends to question the basis for our approach to design and engineering. Of course there is a place for 
this. However engineers and designers are not economists and do not normally have the skill set for predicting 
economic trends. We can however readily take advantage of the data that is available and use this for defining 
context for enterprise models associated with design and engineering innovations.  
 
Our knowledge from the research on creativity and the generation and implementation of new ideas shows the 
importance of confidence as well as expertise, communication, peer network, goal setting and resources (see 
Childs and Fountain [7]). Confidence provides the basis for seeking sponsorship, pushing ideas, exploring and 
experimentation leading to adventure in design and provision of concepts and propositions that offer options for 
further investment. 
 
This paper explores the importance of attention to technical function and its interrelationships with aesthetic, 
economic, social and latent function (see Aurisicchio et al. [8]). The next section introduces a range of 
functional attributes and uses three short case studies to illustrate their inevitable and often complex inter-
dependencies. Section 3 explores the particular value of one particular engineering tool, analysis and its 
potential to provide insight at the design stage. 
 
2 Functional attributes and their relationships 
The interrelationships between functional attributes are illustrated schematically in Figure 1. Development of 
functional attributes do not occur in isolation with each impacting on each other. Nor are development of 
functional attributes sequential in development. Consideration of technical function may well occur 
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simultaneously with considering of product aesthetics and the business enterprise model. There may however be 
periods in the development of a concept where the focus of attention is on one particular functional attribute and 
may dictate responses from other attributes. This is illustrated in Figure 2 with technical function being 
identified as the driver, but the central focus could equally well be substituted by any other functional attribute. 
 
 
Fig. 1: Interrelationships between functional attributes. The order is arbitrary with the arrows representing 
circular flows to all other attributes. 
 
Fig. 2: Temporary focus on a particular attribute that dictates responses from others. Here technical function is 
illustrated at the centre but any attribute could be the focus 
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In the design of cordless hand-tools for the home and garden, the product will be influenced by the task to be 
performed, user expectations and the enterprise model. The task will define the loads and forces. The user will 
influence expectations on how fast the task is to be performed and thereby the power requirement and energy 
storage requirements are defined by this in combination with the number of uses between recharging or 
replacement of batteries. The technical function of typical machine elements defines product morphology such 
as the requirement for connection between energy source, a battery, a prime mover, a DC electric motor, 
transmission, a gear box, and the functional head. As products are usually for people, the expectations and 
requirements in terms of product form can and do influence technical parameters. The need for a particular 
ergonomic form can spur the search for alternative battery shapes or motor and transmission configurations. 
Similarly the need for rigidity in location of machine elements can drive the requirement for a particular form of 
casing or handle. The enterprise model may concern as examples a single sale, the use of a replaceable, 
recyclable or disposable element that enables repeat sales and engagement with the customer or the provision of 
a service contract. If the use of a recyclable element is adopted then ease of replacement, insertion and a positive 
experience around this, in order to ensure brand loyalty and use of branded inserts may dictate the design 
direction. The complexity of the engineering design requirement is apparent with each functional attribute have 
significant influence on others.  
 
A few examples of conceptual cordless hand-tools are illustrated in Figures 3 and 4. These are derived from a 
second year MEng design and manufacture module where students are tasked with developing a new concept 
for a cordless hand-tool. This module was run in association with Bosch and students were eligible to develop 
designs based on existing products or to develop new designs completely. Students were encouraged to use their 
understanding of functional analysis introduced in the first year.  
 
 
Fig. 3: Example Bosch cordless hand-tool concepts. Courtesy of Chung Ho and Welham [9] 
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Fig. 4: Example Bosch cordless hand-tool Concepts. Courtesy of Song [9] 
 
A key decision in the design of commercial passenger aircraft concerns the strategic positioning of the airline 
and therefore what market is it for. Different markets, whether short-hall, long-haul or intra-area, result in 
different strategic positioning and business models for the airline or Original Equipment Manufacturer. If the 
aircraft is for intercity hops within say Europe, or if the aircraft is to have a range of 8000 nautical miles 
fulfilling the bulk of requirements for pacific rim cities and North America, then the resulting configuration for 
the fuselage, wings and engines will be substantially different as a result of addressing the technical function for 
passenger numbers, fuel loads and flight path. Engineers are used to considering the trade-offs between the 
principal parameters such as the number of passengers, range, payload for the range concerned, empty weight, 
fuel capacity, cruising speed, noise and wing area. The airline industry is a highly competitive market. To attract 
and retain custom the airlines need to differentiate from their competitors. Customer requirements are 
recognised as a key motivation in business and design (see Hall et al. [10]) with typical value drivers being 
comfort and the customer experience, services, sustainability, and airline efficiency. The passenger is the 
airline’s principal customer but they are one of several stakeholders that include aviation authorities, airport 
operators, air-traffic control and security agencies.  
 
High fuel efficiency may dictate consideration of a very high by-pass ratio engine but this then requires a larger 
wing to ground clearance shifting the position of the wing relative to the fuselage. The fuselage defines the 
cabin envelope for the in-flight passenger experience and cabin design therefore receives significant attention as 
a key-driver for new aircraft, service updates and refurbishments, while maintaining fleet communality. The 
aircraft can be viewed as an industrial product while the cabin is a consumer product with different requirements 
such as shorter lifecycle and greater need for customization and different emphases on value drivers. Such 
considerations and the multiple independencies illustrate the constant cycling in attention from technical 
function, to aesthetic function and the customer experience, to economic drivers and function. These parameters 
were considered in a recent project run by Airbus and reported in [10] where the attention was on the aircraft 
cabin of the future that will need to deliver on the multiple requirements using experiences from the A350 XWB 
and future cabin design concepts. A conceptual layout for the Airbus of the future is illustrated in Figure 5 and 
an example cabin layout is given in Figure 6. These show an approach where future passenger needs derived 
from extensive social-demographic and economical trend analysis are translated into cabin touch points. Instead 
of maintaining traditional cabin classes those needs have been placed in an emotional value driven vitalizing 
zone whereas functional values have been placed in the smart technology zone. In between is an interaction 
zone providing possibilities for airlines to use the cabin as a flexible market place. All zones where aligned with 
long-term technology roadmaps to figure out possibilities and potential for realisation in order to use technology 
as a useful enabler. The concept was inspired by bionic principles, from neuronal network, a cabin membrane to 
a stiffening structure. The future customer and his needs have been in the very heart of the concept.  
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Fig. 5: Future aircraft concept. Image courtesy of Airbus 
 
 
Fig. 6: Future cabin design. Image courtesy of Airbus (see Hall et al. (2012) [10]) 
 
Air management in dwellings and commercial buildings has received increasing attention with the desire for 
increased comfort as well as more efficient systems. One technology, passive-active ventilation offers the 
potential for providing effective and efficient air management. The Ventive heat exchanger system [11] 
comprises two coaxial units. Enabled by heat exchange, pre-warmed inlet air is channelled via an existing 
chimney void and enters the room through a fireplace opening or a low level vent. Exhaust air exits the room via 
an opening at high level, using flexible ducting and into the heat exchanger at the top of the chimney where 
useful heat energy is recovered. Circulation of flow in the system will occur due to a combination of buoyancy 
driven flow due to the density difference between warm air in the home and cooler air outside, and ‘pressure’ 
driven flow due to the ‘Pitot’ effect of a cowl. The need for aesthetically attractive stacks that can be suitable for 
new-builds as well as retro-fits, in combination with complex air flow exchanges that are sensitive to the 
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volumes of the dwellings and local thermal gradients leads to complicated design changes with consideration of 
each parameter in order to deliver a design that delivers performance for each criteria.  
 
   
Fig. 7: Ventive passive-active ventilation [11] 
 
3. Engineering Analysis 
There are many tools offered by and used by engineers. The exploitation of fundamental physics to provide an 
approximate estimate for a parameter provides a mainstay for engineers. Designers are encouraged through their 
training to employ the attributes of design thinking, synthesising an intent and abductive reasoning, 
experimentation, exploring combinations, coping with ambiguity, a systems approach, gaining insights from 
data and the application of skills. It is when these approaches are combined by an individual or by a multi-
disciplinary team that significant insights for the development and embodiment of emergent ideas can take 
place.  
“And then I freaked out and I calculated how much energy it took to boil a litre of water. This 
provided the key information we needed to size our energy storage requirement.’’ 
This quote from an engineer, one member of a four person team, during the middle of a pitch for a new concept 
describing their struggle to select an idea for development following several days of brainstorming and team 
work, is illustrative a common experience, that of the value of quantifying parameters in order to identify their 
significance and provide key insights. It has parallels in De-Bono’s white hat, which embodies facts and data 
(see Childs [12]) and the Japanese meeting approach of contributing information.  
 
Each of the case study examples considered in Section 2 were informed by engineering analysis. Without 
consideration of the primary requirements for the force, power and energy storage for a hand-tool, components 
cannot be sized and it is not possible to proceed with exploring forms to suit the user. By using analysis it is 
possible to explore the suitability of new concept options for aircraft cabin morphologies in terms of structure, 
airflow and integrity. By use of analysis it is possible to explore energy exchanges associated with forced and 
free convection while considering the requirements for a particular visual aesthetic. 
 
Of course engineering analysis is just one step in the design process, developing ideas so that they are 
sufficiently robust to withstand the onslaught of criticism from peers and competitors as well as self-doubt from 
originators. The application of sustained effort to elaborate and build on an idea, taking it from an initial notion, 
from two dimensional to three dimensional and three dimensional to form is the goal enabled by sustained 
consideration of the multiple functional attributes. It is insufficient to rely upon delivery of just one functional 
attribute. Each functional attribute represents a sophisticated domain. It is necessary to explore, discover, reveal 
and know what and when to reject. Risk can be good, but not so much that you have mucked up everything. You 
do need to be strong enough to stop bad ideas too. 
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4 Conclusions 
Design is informed through making. It is informed by analysis. Design direction can be motivated by 
consideration of different enterprise models. Design is informed by emotional connections. Above all design is 
informed by perpetual improvement. This paper has explored the interrelationships between a range of 
functional attributes from technical, aesthetic, social, economic and latent. Each is important and represents a 
significant domain in itself. In order to deliver design it is usually necessary to address multiple functional 
attributes and in doing so consider the interdependencies of these in the design process. Engineering analysis 
provides a vital and valuable tool for providing both insight at conceptual phases in the design process as well as 
for detailed information, performance prediction and optimisation.  
 
References 
[1]  UK-SPEC, Engineering Council, UK. www.engc.org.uk/ukspec (last accessed 24 Nov 2012) 
[2]  ABET. Criteria for accrediting engineering programs. Effective evaluations during the 2010-2011 
accreditation cycle. www.abet.org (last accessed 24 November 2012). 
[3]  National Academy of Engineering. The engineer of 2020: Visions of engineering in the new century. 
National Academies Press, 2004.  
[4]  Childs, P.R.N., McGlashan, N.R., Aurisicchio, M., Gosling, G. Linking design, analysis, manufacture and 
test in the engineering student experience. Paper EPDE2010/216, 12th International conference on 
engineering and product design education. Trondheim, Norway. 2 & 3 September 2010, pp. 210-215. 
[5]  Royal Academy of Engineering. Achieving excellence in engineering education: the ingredients of 
successful change, 2012 
[6]  Dyson, J. Ingenious Britain. Making the UK the leading high tech exporter in Europe. 2010. 
[7] Childs, P.R.N. and Fountain, R. Commercivity. E&PDE11, 2011. Design Education for Creativity and 
Business Innovation. 13
th
 International Conference on Engineering and Product Design Education. 
Kovacevic, A., Ion, W., McMahon, C., Buck, L., and Hogarth, P. (Editors), Design Society, DS69-1, 2011, 
pp. 3-8. 
[8]  Aurisicchio, M., Eng, N., Ortiz Nicolas, J.C., Childs, P.R.N.; Bracewell, R. On the functions of products. 
ICED11, paper number: 367, 2011. 
[9]  Imperial College London. Mechanical Design and Manufacture Year 2 MEng module, 2011-2012. 
[10]  Hall, A., Wuggetzer, I., Mayer, T., Childs, P.R.N. Future aircraft cabins and design thinking: Optimisation 
vs. win-win scenarios. Paper ISJPPE-2012-F0077, 4
th
 ISJPPE Conference, Xi’An, China, 2012. 
[11]  Ventive. www.ventive.co.uk (last accessed 25-11-12) 
[12]  Childs, P.R.N. Use of six hats in STEM subjects. STEM Annual Conference 2012, HEA Academy, 2012. 
 
Biography 
Peter Childs is the Professorial Lead in Engineering Design at Imperial College London and Joint Course 
Director of the Innovation Design Engineering programme with the Royal College of Art. His general interests 
include: creativity and creative tools; mechanical design; rotating flow; sustainable energy component, concept 
and system design. He was formerly the director of InQbate, the HEFCE funded Centre of Excellence in 
Teaching and Learning in Creativity, director of the Rolls-Royce supported University Technology Centre for 
Aero-Thermal Systems and a professor at the University of Sussex. At Imperial he leads the Design Engineering 
Group, is CTO of QBot Ltd an Imperial Innovations spin-out, is the Design lead for the Manufacturing Futures 
Lab and a member of the educational executive for the Climate Knowledge Innovation Centre. 
 
